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proposed this concept to engineers in England. The proportionality between the 
uniaxial stress and strain can be extended to biaxial and triaxial states of stress. 

For reasons of expediency, the original concept of the elastic modulus has been 
extended to applications involving plastic behavior of materials and those areas 
of design where an equivalent modulus of elasticity can be used as a measure of 
rigidity of a component or material. 

Numerous solutions in structural design and mechanics utilize some interpre¬ 
tation of the original concept of Young’s modulus. For instance, in studies of the 
stability and inelastic buckling of structural members it is customary to employ 
secant and tangent moduli defined in Fig. 10.4. In dynamics, the assessment of the 
critical velocity of impact involves the notion of a local modulus of elasticity as later 
shown in Chap. 16. The apparent stress concept in plastic correction and the criti¬ 
cal buckling criteria in plates given in Chap. 33 invoke the definitions of the reduced 
and tangent moduli of elasticity. The design of a perforated plate according to the 
accepted practice is based on the definition of modified elastic constants described 
in Chap. 34. The plastic strength of a spherical shell subjected to external pressure 
is shown to depend on an equivalent modulus in Chap. 36. Finally, the analysis of 
axial response of a pipe in the plastic regime, discussed in Chap. 37, utilizes the 
concept of reduced modulus. 

The foregoing examples scattered throughout the various chapters of this book 
emphasize the remarkable utility and flexibility of the original concept of the elastic 
modulus. These comments, however, would be incomplete without a mention of 
the use of this concept in more complex situations where the properties may vary 
with direction in the material [21] or configurational features. For instance, in the 
process of designing and testing sandwich and honeycomb structures, the elastic 
and shear moduli become complicated functions of the dimensional relationships 
and experimental parameters. 


POISSON’S RATIO 

The longitudinal strain e caused by the uniaxial stress is accompanied by a lateral 
strain u = Ar/r, as shown in Fig. 1.1. The constant of proportionality between 
the lateral and axial strains is known as Poisson’s ratio and is often denoted by u. 
Hence, the ratio between the two strain components is 

* = 7 (1-4) 

The concept defined by Eq. (1.4) enters numerous stress formulas, where v is nor¬ 
mally determined experimentally. Knowledge of this constant permits calculation 
of the change in volume due to strain. For example, in the case of a bar of uniform 
cross section subjected to tension [1], the volumetric strain , equal to the ratio of 
the change in volume to the original volume, can be derived as follows. 

Let the length of the bar be L and its radius r, as shown in Fig. 1.1. Before 
the bar is stretched, the volume must be equal to 


V = 7r r 2 L 


(1.5a) 



